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Description 

The invention relates to means for measuring 
the relative tilt of a number of platforms to a 
nominated datum plane, for example for weapon 
platforms on board a floating ship. 

For a ship weapon system to detect, locate, 
identify, engage and destroy a target successfully, 
it is fundamental that the initial alignment of all the 
weapon and sensor platforms is correct. Thus, a 
system is required that is capable of accurately 
measuring the relative tilts between equipment 
platforms on a floating ship. Furthermore, since 
work is carried out through all the stages of a 
warship's life, by shipbuilders and dockyards, it is 
necessary to be able frequently to measure and 
correct relative tilts between equipment platforms 
with respect to the ship's Master Level Datum. If a 
relative tilt exists between equipments, errors in 
elevation and training of the weapons result. 

The tilt of weapon equipments is defined as the 
angle by which their planes of rotations are tilted 
relative to each other, or to the ship's Master Level 
Datum. This datum platform is usually sited near 
the neutral pitch and roll axes of the ship and 
parallel to the calculated water line. The magnitude 
of the tilt is defined as the maximum inclination of 
the equipment seating relative to the plane of the 
datum platform and the direction in which this 
occurs with respect to the ship's fore and aft line 
(eg 1 .5 minutes of arc at a bearing of 45 • to Port). 

If a relative tilt exists between equipments, the 
errors resulting in the weapon alignments vary de- 
pending on the elevation and bearing of the equip- 
ments. When the equipment is trained to the tilt 
relative bearing, the elevation error is a maximum 
and equal to the tilt angle whilst the training error is 
zero and, when the equipment is trained at right 
angles to the tilt relative bearing, the elevation error 
is zero whilst the training error is proportional to the 
tangent of the elevation angle of the equipment As 
the equipment elevates this training error in- 
creases, equalling the tilt angle at an elevation of 
45* and becoming more pronounced at higher 
elevations. For bearings other than those along or 
normal to the tilt relative bearing, errors exist in 
both elevation and training. 

To achieve desirable system accuracies it is 
necessary to reduce the relative tilt angles between 
equipments to within prescribed limits, either by 
mechanical or computer software corrections. This 
particularly applies to equipments capable of high 
angles of elevation. 

One technique for measuring weapon system 
alignment is described in US Patent No. 4,531,299. 
This utilises sensors that detect angular position 
and which are placed on a ship's weapon or radar 
supports. One of the supports is designated as the 



ship's reference plane with which all other supports 
are compared. The outputs from the senors are fed 
to a differencer amplifier which yields the differ- 
ence between the various supports and the refer- 

s ence plane support, A very low pass filter (0.02 
hertz) is used to filter the slow roll motion of the 
ship. The use of a differencing technique results in 
errors because linear accelerations caused by 
ship's motions are not equal at all positions. Fur- 

w thermore slow roll filtering is itself a potential 
source of inaccuracy and the technique is restrict- 
ed to large ship's, which are more stable, and 
relatively calm sea states. 

A further technique for measuring weapon plat- 

15 form tilts used by dockyards and shipbuilders re- 
quires the ship to be positioned in dock, breast- 
shored in a stable position, but still just water- 
borne, before commencing a tilt test. This is neces- 
sary to restrict the motion of the ship to enable 

20 measurements to be taken using bubble type cli- 
nometers. The loading of the ship must be as near 
as possible to sea-going conditions and any move- 
ment on board must be kept to a minimum. Tilt 
rings, (for platform adjustments) are set to zero if 

25 they are fitted, 

A 6* bubble type clinometer is set initially 
parallel to the fore and aft line of the ship on a 
convenient rigid position on each equipment under 
test. Each clino is placed on a special 3 9 wedge to 

30 ensure that all readings throughout the test are 
positive. 

A master clino is set up on a portable turn- 
table, which is sited in a suitable ship position 
where communications are available to all weapon 
as platform stations under test and which is levelled to 
the horizontal plane. 

The portable turn-table is trained from 0* to 
360* in 10* steps, at the same time as the equip- 
ment under test. For each 10* step the operator at 
40 the master position first adjusts his clino until the 
bubble is central. He then presses a bell push 
which rings a bell at all remote stations, to enable 
the clino readers at the platform stations to adjust 
their clinos until all bubbles are synchronised with 
45 the master. Any movement in the ship during this 
period necessitates a repeat of the exercise on that 
bearing. When all positions report that their clinos 
are lined up to the master, readings are taken and 
recorded and the equipment trained to a new bear- 
so ing. 

Throughout the test the master clino reading is 
subtracted from the equipment clino readings on 
identical bearings and a sine curve for each equip- 
ment is produced, to indicate errors in individual 
5s readings or serious non-flatness in the roller path. 

On completion of the trial the differences be- 
tween the clino readings for each pair of sup- 
plementary bearings are plotted on a radial plot in 
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the direction in which the highest reading occurs. A 
best fit circle is then drawn through these points, 
from which the magnitude and direction of the tilt 
can be measured. These measured tilts are then 
replotted on a further tilt diagram, to enable the 
relative tilts between equipments to be determined. 
Corrections are then made by adjustment of the 
equipment tilt rings, where fitted, and a further 
cardinal points tilt test is then carried out to deter- 
mine the residual tilt, which is then fed into the 
weapon system computer software. 

This tilt test technique, whilst effective in 
achieving the end result, is both inefficient and 
expensive in the use of manpower and resources. 
It imposes a severe burden on the limited docking 
facilities available due to the requirement to posi- 
tion a ship in dock, water-borne in a breast shored 
condition, for a period of up to 5 days. These 
difficulties highlight the need for a system capable 
of permitting weapon alignment procedures to be 
carried out on a ship floating in harbour. Such a 
system would enable tilt tests to be carried out as 
and when required, at a fraction of the cost of the 
conventional technique. 

An alternative system used an electrolevel in 
place of the traditional bubble level. An electrolevel 
was sited on each equipment and the outputs of 
each electrolevel were differenced to provide mea- 
surements of the tilt of each equipment. However, 
the electrolevel system involved bulky, heavy 
equipment, was difficult to use and tended to be 
inaccurate and unreliable. 

The object of the invention is to provide a 
system for measuring relative tilts between various 
platforms with respect to a nominated datum when 
the platforms may be subjected to motion. 

it is a particular object of the invention to 
provide a tilt measuring system capable of being 
used on a floating ship to measure and correct for 
relative tilts of ship's weapon and sensor equip- 
ment on different equipment platforms. 

The invention provides a system for measuring 
relative tilt of one or more platforms to a nominated 
datum platform, comprising at least one inclino- 
meter per platform, including the datum platform, 
and characterised in that it further comprises; 

a) means to average each inclinometer output 
over a synchronised time period; and 

b) a computer which is adapted to receive all 
inclinometer outputs after averaging, and which 
is programmed to calculate therefrom the tilt 
angle of each platform and the relative tilt angle 
of any platform with respect to any other plat- 
form; and which is furthermore adapted to dis- 
play the results. 

Advantageously a central control position is 
provided, and means to display the averaged in- 
clinometer outputs over synchronised time periods 



as readings are preferably included at the central 
control position. 

An inclinometer is a transducer used by the 
system to determine the tilt of platforms. 
5 "Inclinometer" is the name ascribed to a low range 
linear accelerometer which can be used as a slope 
detector because it is very responsive to changes 
in gravitational acceleration. The preferred type for 
use in the invention is a solid state, dc, closed 
10 loop, force balance tilt sensor. This type of sensor 
is suitable for the invention since it includes a 
flexure supported torque balance system, rugged 
enough to withstand severe shock and vibration 
and still maintain excellent accuracy. Preferably the 
15 solid state electronics and sensor are enclosed 
within a sealed housing, permitting operation in 
high moisture and salt laden atmospheres without 
deterioration in performance. 

Advantageously each inclinometer has built-in 
20 temperature compensation, thus permitting its op- 
eration over a wide range of temperatures without a 
significant effect on the accuracy. 

Preferably there is only one inclinometer at 
each platform. 

25 Preferably there is also an inclinometer includ- 
ed at the nominated datum platform. 

Inclinometers are primarily devices for the stat- 
ic measurement of tilt. Thus when used in a dy- 
namic situation on a floating ship the output of 

30 each device is affected by all linear accelerations 
experienced along its sensitive axis. The output at 
any instant in time is therefore the algebraic sum of 
any static tilt with respect to gravity, plus the 
acceleration component due to ship's motion. 

35 When two inclinometers are used differentially 
to determine the relative tilt between equipment 
platforms, as in a tilt test, measurement errors will 
result because the linear accelerations caused by 
ship's motions are not equal at all positions, Signifi- 

40 cant variations are seen when the recorded outputs 
from inclinometers mounted in different positions 
are compared. The mechanical stiffness of the var- 
ious parts of the ship affects the frequency content 
of the responses. Thus the relative magnitudes of 

45 the accelerations at the two positions are depen- 
dent on their frequency content as well as their 
respective heights above the roll centre of the ship. 

The measurements are derived by averaging 
each inclinometer output over a synchronised time 

so period. Preferably this is done electronically, The 
preferred means is a dual slope integrating ana- 
logue to digital converter. Conveniently an averag- 
ing period of between 10 and 20 seconds is used 
as this will produce repeatable display readings to 

55 a few seconds of arc. The resultant display reading 
represents the average inclination with respect to 
the gravity vector over the measurement period 
and the algebraic summation of any two positions 
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represents the relative tilt measurement on a given 
bearing. The display reading is preferably given as 
an angle. 

The averaging of the outputs is applicable be- 
cause the difference in acceleration effects be- 
tween any two positions approximates to zero when 
averaged over a time period that is significantly 
greater than the period of ship's motion, due to a 
basic similarity of the inclinometer outputs and 
their sinusoidal nature. 

Preferably the means to display the readings at 
the central control position is a display unit, which 
can be termed the master display unit or MDU. 
The MDU houses a display, conveniently an LE.D. 
or liquid crystal display, for each inclinometer on 
which the averaged output reading of each in- 
clinometer is shown for a particular measurement 
position. The displays are conveniently calibrated 
to display minutes of arc to one decimal place (ie 
resolution to 6 seconds of arc). The displays are 
conveniently seven segment displays. Preferably 
the MDU houses electronic circuits to process the 
signals to provide an averaged signal over a set 
time period, the time period being synchronised for 
all the inclinometers. 

Preferably the system includes means to cali- 
brate the displays to compensate for temperature 
variations. The calibration means advantageously 
include one or more temperature-stable voltage 
sources. 

The computer is programmed to calculate the 
tilt angles, relative to the datum platform, of each 
platform. The program advantageously uses an 
iterative method to produce a "best fit" sine curve 
for the recorded data on all bearings at which 
readings are taken for each equipment, Preferably 
the computer is also programmed to calculate the 
relative tilt of each platform with respect to any 
selected datum platform. 

The nominated datum platform may be a spe- 
cial purpose ship's Master Level Datum or a se- 
lected one of the ship's equipment platforms or 
any other specified datum. 

A means of communication is preferably pro- 
vided between the platforms and the central control 
unit. A built-in communications system with a wire 
link running through the cables used to intercon- 
nect the MDU and the remote inclinometers is 
preferably used. Alternatively a battery powered 
intercom system may be used. In some cases, for 
example on board a ship, it is possible to use 
already existing communications and in these 
cases a communications system would not need to 
be included in the tilt test equipment. 

Optionally the inclinometer at each platform 
can be connected to a local display unit to display 
the reading of that inclinometer. 



The invention will be referred to as an Elec- 
tronic Tilt Measuring System (ETMS). 

The invention further provides a method of 
measuring relative tilt of one or more platforms to a 
5 nominated datum platform or to any other platform 
comprising the steps of; 

1) positioning at least one inclinometer on the or 
each platform and at the nominated datum plat- 
form; 

10 2) connecting each inclinometer to a central 
control unit; 

3) training all the platforms to a common bear- 
ing; 

4) reading the measured values from each in- 
15 clinometer at the central control unit and averag- 
ing each of the measured values over a synch- 
ronised time period; 

5) entering the readings into a computer; 

6) training the platforms to another common 
20 bearing; 

7) repeating steps 4) to 6) as many times as 
required; 

8) by means of a suitable computer program, 
determining the tilt angle and the relative tilt 

25 angle with respect to any other platform, from 
the input data for each platform; and 

9) displaying or reading the results. 

The platforms may be trained to any conve- 
nient number of bearings. Conveniently this may 

bo be 36 with each platform moved in 10* steps. A 
smaller number of bearings such as 12 may be 
sufficient to achieve acceptable results, though, as 
the time saving is minimal in taking fewer results, it 
is preferable to take more results as a greater 

35 number of readings provides a more accurate pic- 
ture of the tilt of the platform. 

The readings of the measured values of the 
inclinometers may be fed directly to the computer 
via a databus. In this case it is not necessary to 

40 have displays of the readings at the MDU though it 
may be advantageous to include such displays to 
increase user confidence of the system and allow 
progress of the test to be monitored. Alternatively 
the results may be displayed, read by an operator 

45 and keyed into the computer manually. 

When the test is completed on all bearings the 
data is analysed by the computer. Preferably a 
"best fit" sine curve is displayed for each equip- 
ment on a visual display unit controlled by the 

50 computer. 

Adjustments can be made to the separate plat- 
forms to reduce the relative tilts. Additionally or 
alternatively for a ship's weapon system the result- 
ing tilts may be fed into the ship's weapon system 

55 computer software to enable corrections to be 
made in the operation of the system to allow for 
relative tilts. 
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The invention will now be described by way of 
example with reference to the drawings, of which: 
Figure 1 shows a block diagram of an Electronic 
Tilt Measuring System (ETMS); 
Figure 2 shows a block diagram of a single 
channel of the ETMS of Figure 1 in more detail; 
Figures 3 a & b show how tilt errors occur when 
the equipment is trained on the tilt relative bear- 
ing and at right angles to the tilt relative bearing 
respectively; 

Figure 4 shows a typical sine plot of measure- 
ments of a weapon platform; and 
Figure 5 shows a typical relative plot of the 
relative tilts of three weapon platforms to a da- 
tum platform. 
Figure 1 shows a schematic block diagram of 
an Electronic Tilt Measuring System. The basic 
system comprises inclinometers 1a,b,c and d, a 
Master Display Unit 2, interconnection cables 
3a,b,c and d, and a computer 4. 

A typical commercially available inclinometer 1 
is an extremely accurate device which is capable 
of responding to changes in angle as small as 0.1 
second of arc and with a quoted linearity of 0.05% 
of full scale. The inclinometer 1 is a closed loop 
servo accelerometer which works on the principle 
of a pendulous mass with a single degree of free- 
dom, which reacts to an input along its sensitive 
axis causing the mass to move. A position sensor 
detects this minute motion and develops an output 
signal, which is demodulated, amplified and applied 
as negative feedback to an electrical torque gener- 
ator (torquer) coupled to the mass. The torquer 
develops a torque proportional to the current ap- 
plied to it, which just balances the torque attempt- 
ing to move the pendulous mass as a result of the 
acceleration input, preventing further movement of 
the mass. This current which produces the equal 
and opposite torque is therefore proportional to the 
product of moment of inertia (a constant) and ac- 
celeration. If this current is passed through a stable 
resistor the voltage developed across the resistor is 
proportional to the applied acceleration. 

The inclinometer output is thus an analogue dc 
signal directly proportional to the angle of tilt. The 
range of the device chosen is quoted as ±1 \ for 
which the dc output approximates as ±5 volts, 
though it has a usable range of up to ±3». Trials so 
far carried out however have indicated that the 
range of *1 9 is more than adequate for conducting 
a tilt test on a floating ship, as normal ship's 
vertically is within ±30 minutes. 

The normal operating mode of the inclino- 
meters is for the static measurement of tilt of a 
surface. When used on board a ship which is 
subjected to a continuous oscillatory motion due to 
sea action, the output is an angle which varies with 
time. Under these circumstances, the accuracy of 



the inclinometer output is dependent upon its dy- 
namic characteristics. A typical frequency response 
of a device such as this, which behaves like a 
damped simple pendulum with a characteristic nat- 

s ural frequency, is for both the magnitude and 
phase of the measured output to vary as the fre- 
quency increases with respect to the base input. 

The relative dynamic characteristics between 
all of the inclinometers is a potential source of 

w inaccuracy but a spectral analysis of the inclino- 
meter output in response to a sinusoidal and a step 
input confirmed the bandwidth of the inclinometers 
to be above 3Hz, which was considered to be well 
outside the maximum frequency of ship's motion of 

15 0.5Mz to which the inclinometers are required to 
respond in the present invention. The sinusoidal 
and step base inputs were first applied in a static 
position in the laboratory. When used on board 
ship, there is the further complication of the motion 

20 which will produce an acceleration component in 
the inclinometer output. The relative responses of 
the inclinometers to this effect were studied by 
comparison of the analogue recordings obtained 
from two inclinometers mounted adjacent to each 

as other on board a floating ship when the conditions 
were severe. Recordings were taken for compari- 
son at a number of positions around the ship and 
at various heights above the roll centre of the ship. 
The recordings were virtually identical and hence it 

ao was confirmed that the inclinometer responses 
were similar. 

The individual inclinometer frequency re- 
sponses showed that up to 0.5Hz, the frequency of 
interest, the magnitude of their outputs is constant, 

35 with a small phase lag difference between ex- 
tremes. This phase lag would produce an error in 
differential display readings proportional to the 
magnitude of ship's motion if instantaneous mea- 
surements were taken at two or more positions but 

40 because an averaging technique is used any result- 
ing errors are insignificant. 

The Master Display Unit (MDU) 2 is the master 
control position from which the tilt test is coordi- 
nated. The MDU 2 houses four liquid crystal dis- 

45 plays 5a,b,c,d, one for each remote position in- 
clinometer 1a,b,c,d, with an appropriate display 
drive circuit (not shown) for each display. The 
displays 5 are calibrated to show minutes of arc to 
one decimal place (ie resolution to 6 seconds of 

so arc). 

Figure 1 indicates a number of other features 
included at the MDU: 

a) A Display Freeze switch 6 - this allows si- 
multaneous freezing of all the displays in the 

55 system, with a separate lamp 7 to indicate the 
current state; 

b) An Integration lamp 8 - this gives a visual 
display of when an integration phase is taking 
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place; 

c) A Display Read lamp 9 - this gives an indica- 
tion of when the Display reading can be taken 
on a given bearing; 

d) A Reset switch 10 - this resets the Display 
Read lamp 9 to Off; 

e) A Display Test switch 11 - this sets all the 
displays readings to -188.8, to check their cor- 
rect functioning; 

f) Communications input 12 - this is the input 
socket for a communications system (not 
shown) to all remote stations; 

g) DC Supply switch 13 - to switch on the power 
supplies (not shown). 

h) A Calibration switch 14 - this enables all the 
displays to be calibrated simultaneously. During 
calibration (switch positions +, -, 0) a fast up- 
date mode (over a period of 0.3 seconds) is 
used. A slow update mode (over a period of 64 
seconds) is used during a tilt test. During this 64 
second period there is a synchronised integra- 
tion phase for all displays of 1000 samples, 
equal to 16 seconds, during which the average 
dc level of the inclinometer output for each 
position is determined and displayed; 

i) Test Power inputs 15 - allow the calibration to 
be checked externally; and 

j) Adjustment controls 16a,b,c,d - these enable 
the displays to be tuned to give the correct 
readings when they are calibrated. 
Details of the foregoing are not given as these will 
be readily apparent. 

The output signals from the inclinometers 
1a,b,c,d are passed from the MDU 2 to the micro- 
computer 4 via a datalink 17 and an interface 18. 
The microcomputer 4 is programmed to analyse 
the measured data. A complete set of data can be 
analysed by this means in a few minutes, imme- 
diately on completion of a tilt test, as opposed to a 
delay of several hours using conventional tech- 
niques. 

The computer first calculates the measured tilt 
of each weapon platform by producing a "best fit" 
sine curve to the recorded data on all bearings 
using an iterative method, It produces an amplified 
graphical representation of the difference in am- 
plitude between the recorded value and the sine 
curve value for each bearing. It also produces the 
more traditionally accepted radial diagrams. 

Subsequently the computer calculates the rela- 
tive tilt of each weapon platform with respect to 
either the Master Level Datum platform or any 
selected master platform. 

It is desirable for the ETMS to be as autono- 
mous as possible so as to reduce reliance on 
ship's equipment and staff. Thus a communications 
link to all positions is included in the system (but 
not shown here). 



The accuracy of the system is dependent on 
the magnitude of the measurement errors. These 
are dependent on the accuracy of the devices 
being used, their temperature stability, calibration 

5 and the design of the circuits. 

Temperature effects are potentially the greatest 
source of error in electronic circuits but careful 
design can eliminate most of the problems. The 
inclinometers 1 have two potential temperature ef- 

10 fects, ie Scale Temperature Coefficient at 0.02% 
per ' C and Null Temperature Coefficient at 0.05% 
Full Scale per 9 C, but these should not be signifi- 
cant in normal usage. 

The MDU 2 can be extended for further in- 

15 clinometer readings by a "plug in" extension unit 
19, here shown with eight further channels. This 
unit includes eight further displays 5e to 51, similar 
to displays 5a to 5d, which display readings cor- 
responding to inclinometers 1e to 11 

20 In Figure 2, a block diagram of a single chan- 
nel of the ETMS of Figure 1 is shown in more 
detail. The arrangement allows two different meth- 
ods of measurement. In the first, the inclinometer 
outputs are averaged by a dual slope integral ana- 

25 logue to digital converter 20 and displayed on the 
displays 5. The displayed readings can then be 
entered by hand into the computer 4. In the second 
method, the outputs from the inclinometer 1, on 
each bearing, are passed to the computer 4 via a 

30 datalink 17 and an interface 18 and are averaged 
using a computer sampling technique. The averag- 
ed results are then stored by the computer 4 ready 
for calculation of the tilts. 

Before commencing a tilt test the displays 5 

35 are calibrated by means of a calibration circuit 21 , 
at their temperature of operation, to read ±60.0 
minutes of arc using a temperature stable voltage 
source 22. This is a very simple and yet accurate 
method of calibrating the system and has the ad- 

40 ded advantage of checking the electronic circuits. 
The net result is that the display temperature errors 
are effectively eliminated. 

The output voltage from the temperature-stable 
source 22 is used to calibrate the displays 5. It is 

45 derived from the inclinometer output for ±1 degree 
angle at 22 ■ C. If the inclinometer were then used 
at zero *C, its output would be in error by 16 
seconds of arc (Full Scale x 0.02% x degree C 
change), due to the Scale Factor Temperature Co- 

go efficient The magnitude of this error is within the 
specified accuracy required from the system but 
could be corrected via the computer software if 
necessary. 

The Null Temperature Coefficient (Full Scale x 
55 0.05% x degree C change) is a measure of the 
shift in the dc output from the inclinometer at zero 
tilt due to temperature. Because of the measure- 
ment technique used during a tilt test, any dc offset 
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such as this does not affect the accuracy of the 
measurement, providing the temperature remains 
reasonably constant throughout the test. Exper- 
ience has shown that temperature variations are 
small but even if this were not so any resulting 
errors would be insignificant. 

As shown, the magnitude of the temperature 
errors when based on the full scale output of the 
inclinometers of ± degree angle, are small, These 
errors, however, become insignificant when the tilt 
test technique is considered. Reciprocal bearings 
are taken and added algebraically to produce a 
radial plot. Therefore, because both readings are in 
error due to temperature, the errors effectively can- 
cel each other out with only the resultant difference 
reading between them being in error and as this is 
rarely greater than a few minutes of arc, the mag- 
nitude of any temperature errors will be a few 
seconds of arc at the worst, 

The accuracy of the component parts has been 
examined in laboratory experiments. These have 
demonstrated that the measurement accuracy of a 
static single reading to be of the order of ±6 
seconds of arc. The inaccuracies due to most of 
the component parts of the system are too small 
for consideration. 

The greatest sources of measurement errors 
are the inclinometers which have a quoted linearity 
of ±0.05%, which is approximately ±2 seconds of 
arc for their full range output of ±1 degree and the 
LED displays which have a resolution of 1 digit or 6 
seconds of arc. 

For accurate measurement, the calibration of 
the instrument must be accurate to start with. The 
static calibration of the four inclinometers of Figure 
1 was checked periodically between tilt tests. This 
checking is carried out by a very simple yet ac- 
curate technique using a calibrated sine bar and 
wedges on a surface plate to tilt the inclinometer 
by an extremely accurate angle. Measurements 
have confirmed the repeatability of the inclinometer 
outputs and the reliability of the devices. 

Figures 3a and b illustrate the principles in- 
volved in elevation and training tilt errors where the 
plane of an equipment roller path is related to the 
plane of the master level datum. Figure 3a shows 
how, when the equipment is trained to the tilt 
relative bearing, the elevation error is a maximum 
and equal to the tilt angle 0 whilst the training error 
is zero. Figure 3b shows how, when the equipment 
is trained at right angles to the tilt relative bearing, 
the elevation error p is zero whilst the training error 
is proportional to the tangent of the elevation angle 
of the equipment. As the equipment elevates this 
training error increases, equalling the tilt angle 0 at 
an elevation of 45* and becoming more pro- 
nounced at higher elevations. For bearings other 
than those along or normal to the tilt relative bear- 



ing, errors exist in both elevation and training. 

To achieve system accuracy, the relative tilt 
angles between equipments must be reduced to 
within prescribed limits. This is particularly ap- 

s plicable to equipments capable of high angles of 
elevation because of the increase in the training 
error at high angles of elevation as shown in Figure 
3b. The corrections are achieved by mechanical or 
computer software controls. 

w The tilt test is carried out with the ship tied up 
alongside in harbour. There are no restrictions on 
weather conditions or general movement on board 
ship. 

The Master Display Unit 2, from which the test 
15 is controlled, is positioned in any convenient office 
on board ship and the cables 3 are run out to the 
remotely positioned inclinometers. Before com- 
mencing a test the equipment is switched on and 
the electronic circuits allowed to warm up for a 
20 short time as the equipment stabilises to the sur- 
rounding air temperature. The displays 5 and/or the 
computer 4 are then calibrated to the reference 
source 21 . 

The tilt test commences when the Master posi- 
25 tion instructs all equipments to be moved to a 
common bearing. After all equipments have con- 
firmed the bearing the inclinometer outputs are fed 
to the computer. When the computer has taken the 
readings the program indicates that the next bear- 
so ing can be set and the Master position instructs all 
equipments to train to the next bearing. The read- 
ings are then taken and the process is repeated for 
36 bearings. 

On completion of the trial, the data is analysed 
as by the computer and a best fit sine curve for each 
equipment displayed. The relative tilt between all 
equipments is then determined with reference to a 
selected Master platform, 

Figure 4 shows a typical sine plot of the mea- 
40 sured tilt calculated by the computer for a weapon 
equipment platform on board a ship. Each reading 
23 was plotted on a graph showing 0* to 360* 
along the x-axis 24. The scale on the y-axis 25 
depends on the maximum values measured. A 
45 "best fit" sine curve 26 is produced by an iterative 
method and displayed on the graph. The computer 
further produces an amplified graphical representa- 
tion 27 (scale ±120 seconds of arc) of the dif- 
ference in amplitude between the recorded value 
so and the sine curve value for each bearing. These 
give a graphical representation of the equipment 
tilts. The computer further processes this informa- 
tion to produce values of the tilt of each platform 
relative to a selected Master datum. Correction can 
55 then be applied mechanically or the information 
can be fed into the weapons system software so 
that corrections can be made within the software 
control to allow for the relative tilts between all the 
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equipments. 

Figure 5 shows a typical relative plot calculated 
by the computer from the information used to pro- 
duce Figure 4, Point A is the reference datum to 
which the tilts of the weapon platforms are cal- 5 
culated. Each dashed ring 28 represents 0.5 mins 
of tilt from the datum. Each point B, C and D mark 
the maximum tilt of the respective weapon plat- 
forms. Thus B has a maximum tilt of 2.6 mins at a 
bearing of 103* to port, relative to the datum 10 
platform A, C has a maximum tilt of 1.4 mins at 
138* to port and D has a maximum tilt of 0.7 mins 
at 039 • to port. 

The overall saving in time and manpower with 
ETMS Is considerable. The measurement and cor- is 
rection of weapon platform tilts can be completed 
in a day by a small team of people, whereas the 
current technique employs a large workforce and 
takes 3 to 5 days, including docking, breast-shoring 
and undocking. 20 

Because the technique of the invention aver- 
ages motion effects during the integration period 
there are no limitations and restrictions on when 
and where the system can be used, providing 
measurements are confined to the linear range of 25 
the inclinometers. The repeatability of the readings 
also makes the system suitable for other possible 
applications on floating ships where accurate align- 
ment between remote positions is required eg. to 
assist in aligning the horizontal axis of a theodolite 30 
to the ship's master level datum before use on 
weapon alignment. 

The current methods of conducting tilt tests are 
inefficient in the use of both manpower and re- 
sources. The ETMS offers an alternative which is 35 
quicker, simple to use, at least as accurate and 
represents a considerable saving in both dockyard 
and operational costs, at what is a relatively small 
initial cost per system. 

Although the device has been described in 40 
relation to a four channel unit with an eight channel 
extension, it will be clear that any suitable number 
and arrangement of channels in a unit can be used. 

It will be obvious that any required number of 
inclinometers can be included in the system. 45 

The invention is not limited to the measuring of 
tilts of ship weapons platforms. It can also be used 
when setting up fixed weapon positions, for exam- 
ple on fighter aircraft, and for checking the posi- 
tions of other equipments. It can also be adapted so 
for checking the alignment of remote axes, for 
example on long shafts, or for checking the axes of 
equipments such as gyroscopes. 

Claims 55 

1. A system for measuring relative tilt of one or 
more platforms to a nominated datum platform, 



comprising at least one inclinometer per plat- 
form, including the datum platform, and 
characterised in that it further comprises; 

a) means to average each inclinometer out- 
put over a synchronised time period; and 

b) a computer which is adapted to receive 
all inclinometer outputs after averaging, and 
which is programmed to calculate therefrom 
the tilt angle of each platform and the rela- 
tive tilt angle of any platform with respect to 
any other platform and which is further 
more adapted to display the results. 

2. A system for measuring the relative tilts ac- 
cording to claim 1 characterised in that a cen- 
tral control position is provided to average 
each inclinometer output over the synchronis- 
ed time period. 

3. A system for measuring relative tilts according 
to claim 2 characterised in that means to dis- 
play the averaged inclinometer outputs as 
readings are included at the central control 
position. 

4. A system for measuring relative tilts according 
to claim 4 characterised in that the means to 
display the readings at the central control posi- 
tion is a master display unit (MDU) which 
houses electronic circuits to process the sig- 
nals and to provide an averaged signal over a 
set time period, the time period being synch- 
ronised for all the inclinometers. 

5. A system for measuring relative tilts according 
to claim 4 characterised in that the system 
includes means to calibrate the displays to 
compensate for temperature variations. 

6. A system for measuring relative tilts according 
to any one preceding claim characterised in 
that the inclinometers are solid state, dc, 
closed loop, force balance tilt sensors. 

7. A system for measuring relative tilts according 
to any one preceding claim characterised in 
that each inclinometer has built-in temperature 
compensation. 

8. A system for measuring relative tilts according 
to any one preceding claim characterised in 
that there is an inclinometer included at the 
nominated datum platform. 

9. A system for measuring relative tilts according 
to any one preceding claim characterised in 
that the averaging of the inclinometer outputs 
is done by electronic means. 
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10. A system for measuring relative tilts according 
to claim 9 characterised in that the averaging 
means is a dual slope integrating analogue to 
digital converter. 



13. A system for measuring relative tilts according 
to claim 12 characterised in that the computer 
is also programmed to calculate the relative tilt 
of each platform with respect to any selected 
datum platform. 

14. A system for measuring relative tilts according 
to any one preceding claim characterised in 
that a means of communication is provided 
between the platforms and the central control 
unit. 

15. A system for measuring relative tilts according 
to any one preceding claim characterised in 
that the inclinometer at each platform is con- 
nected to a local display unit to display the 
reading of that inclinometer. 

16. A system for measuring relative tilts according 
to any one preceding claim characterised in 
that each inclinometer and its associated elec- 
tronics are enclosed within a sealed housing. 

17. A system for measuring relative tilts according 
to any one preceding claim characterised in 
that the inclinometers are mounted upon a ship 
and each inclinometers output is measured 
over a significantly greater period than the 
period of the ship's motion. 

18. A method of measuring relative tilt of one or 
more platforms to a nominated datum platform 
or to any other platform comprising the steps 
of; 

1) positioning at least one inclinometer on 
the or each platform and at the nominated 
datum platform; 

2) connecting each inclinometer to a central 
control unit; 

3) training all the platforms to a common 
bearing; 



4) reading the measured values from each 
inclinometer at the central control unit and 
averaging each of the measured values over 
a synchronised time period; 

5) entering the readings into a computer; 

6) training the platforms to another common 
bearing; 

7) repeating steps 4) to 6) as many times as 
required; 

8) by means of a suitable computer pro- 
gram determining the tilt angle and the rela- 
tive tilt angle with respect to any other plat- 
form from the input data tor each platform; 
and 

9) displaying or reading the results. 

19. A method of measuring relative tilts according 
to claim 18 characterised in that the platforms 
are trained to 36 bearings with each platform 

20 moved in 10' steps. 

20. A method of measuring relative tilts according 
to claim 18 or claim 19 characterised in that a 
"best fit" sine curve is displayed for each 

25 platform on a visual display unit controlled by 
the computer. 

21. A method of measuring relative tilts according 
to claim 18 characterised in that the relative tilt 

30 results are used to determine the adjustments 
to be made to the separate platforms to reduce 
the relative tilts. 

Patentansprtlche 

35 

1. Ein System zum Messen der relativen Neigung 
einer Oder mehrerer Plattformen gegenQber ei- 
ner bestimmten Bezugsplattform, mit wenig- 
stens einem NeigungsmeBgerat pro Plattform 
40 einschlieBlich der Bezugsplattform und da- 
durch gekennzeichnet, daB es ferner umfaBt: 
a) Einrichtungen zum Mitteln eines jeden 
NeigungsmeBgerat-Ausgangs Uber eine 
synchronisierte Zeitperiode; und 
46 b) einen Computer, der so beschaffen ist, 

daB er samtliche NeigungsmeBgerat-Aus- 
gange nach der Mittelung empfangt und der 
so programmiert ist, daB er daraus den Nei- 
gungswinkel einer jeden Plattform und den 
so relativen Neigungswinkel einer beliebigen 

Plattform in bezug auf eine beliebige andere 
Plattform berechnet und der ferner so be- 
schaffen ist, daB er die Ergebnisse anzeigt. 

55 2. Ein System zum Messen der relativen Neigun- 
gen gemaB Anspruch 1 , dadurch gekennzeich- 
net, daB eine zentrale Steuerposition vorgese- 
hen ist, urn jeden NeigungsmeBgerat-Ausgang 



11. A system for measuring relative tilts according 
to claim 10 characterised in that an averaging 
period of between 10 and 20 seconds is used. 

12. A system for measuring relative tilts according 10 
to any one preceding claim characterised in 
that the computer is programmed with an itera- 
tive method to produce a "best fit" sine curve 
for the recorded data on all bearings at which 
readings are taken for each equipment. 75 
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wahrend der synchronisierten Zeitperiode zu 
mitteln. 

3. Ein System zum Messen der relativen Neigun- 
gen gemaB Anspruch 2, dadurch gekennzeich- s 
net, da(3 an der zentralen Steuerposition Ein- 
richtungen zum Anzeigen der gemitteiten 
NeigungsmeBgerat-Ausgange als Ableseweile 
enthalten sind. 

4. Ein System zum Messen der relativen Neigun- 
gen gemaB Anspruch 4, dadurch gekennzeich- 
net, daB die Einrichtung zum Anzeigen der 
Ablesewerte an der zentralen Steuerposition 
eine Haupt-Anzeigeeinheit (MDU) ist, die die 
elektronischen Schaltungen aufnimmt, urn die 
Signale zu verarbeiten und ein Uber die ge- 
setzte Zeitperiode gemitteltes Signal zu erzeu- 
gen, wobei die Zeitperiode fUr samtliche Nei- 
gungsmeBgerate synchronisiert ist. 

5. Ein System zum Messen der relativen Neigun- 
gen gemaB Anspruch 4, dadurch gekennzeich- 
net, daB das System eine Einrichtung zum 
Kalibrieren der Anzeigen enthalt, urn Tempera- 25 
turveranderungen zu kompensieren. 

6. Ein System zum Messen der relativen Neigun- 
gen gemaB einem der vorangehenden AnsprQ- 
che, dadurch gekennzeichnet, daB die Nei- 30 
gungsmeBgerate gleichstrombetriebene 
Festkorper-Neigungssensoren mit geschlosse- 
nem Regelkreis mit Kraftvergleich sind. 

7. Ein System zum Messen der relativen Neigun- 35 
gen gemaB einem der vorangehenden AnsprQ- 
che, dadurch gekennzeichnet, daB jedes Nei- 
gungsmeBgerat eine eingebaute Temperatur- 
kompensation besitzt. 

40 

8. Ein System zum Messen der relativen Neigun- 
gen gemaB einem der vorangehenden AnsprG- 
che, dadurch gekennzeichnet, daB an der be- 
stimmten Bezugsplattform ein NeigungsmeB- 
gerat vorgesehen ist. 45 

9. Ein System zum Messen der relativen Neigun- 
gen gemaB einem der vorangehenden AnsprQ- 
che, dadurch gekennzeichnet, daB die Mitte- 
lung der NeigungsmeBgerat-Ausgange mittels so 
elektronischer Einrichtungen ausgefUhrt wird. 

10. Ein System zum Messen der relativen Neigun- 
gen gemaB Anspruch 9, dadurch gekennzeich- 
net, daB die Mittelungseinrichtung ein Analog- 55 
/Digital-Umsetzer mit Zweiflankenintegration 

ist. 



11. Ein System zum Messen der relativen Neigun- 
gen gemaB Anspruch 10, dadurch gekenn- 
zeichnet, daB eine Mittelungsperiode zwischen 
10 und 20 Sekunden verwendet wird. 



14. Ein System zum Messen der relativen Neigun- 
gen gemaB einem der vorangehenden AnsprU- 
che, dadurch gekennzeichnet, daB zwischen 
den Plattformen und der zentralen Steuerein- 
heit eine Kommunikationseinrichtung vorgese- 
hen ist. 

15. Ein System zum Messen der relativen Neigun- 
gen gemaB einem der vorangehenden AnsprU- 
che, dadurch gekennzeichnet, daB das Nei- 
gungsmeBgerat an jeder Plattform mit einer 
lokalen Anzeigeeinheit verbunden ist, um die 
Anzeige dieses NeigungsmeBgerates darzu- 
stellen, 

16. Ein System zum Messen der relativen Neigun- 
gen gemaB einem der vorangehenden AnsprU- 
che, dadurch gekennzeichnet, daB jedes Nei- 
gungsmeBgerat und dessen zugehorige elek- 
tronische AusrQstung in einem dichten Gehau- 
se eingeschlossen sind. 

17. Ein System zum Messen der relativen Neigun- 
gen gemaB einem der vorangehenden AnsprU- 
che, dadurch gekennzeichnet, daB die Nei- 
gungsmeBgerate auf einem Schiff angebracht 
sind und daB jeder NeigungsmeBgerat-Aus- 
gang Uber eine Periode gemessen wird, die 
erheblich langer als die Periode der Schiffsbe- 
wegung ist. 

18. Ein Verfahren zum Messen der relativen Nei- 
gungen einer oder mehrerer Plattformen ge- 
gendber einer bestimmten Bezugsplattform 
oder gegenUber einer beliebigen anderen 
Plattform, mit den Schritten; 



12. Ein System zum Messen der relativen Neigun- 
gen gemaB einem der Vorangehenden AnsprU- 
che, dadurch gekennzeichnet, daB der Compu- 
ter mit einem iterativen Verfahren program- 
10 miert ist, um fQr die aufgezeichneten Daten 
samtlicher Peiiungen, bei denen fQr jede Anla- 
ge Ablesungen vorgenommen werden, eine 
"optimal angepaBte" Sinuskurve zu erzeugen. 

15 13. Ein System zum Messen der relativen Neigun- 
gen gemaB Anspruch 12, dadurch gekenn- 
zeichnet, daB der Computer auBerdem so pro- 
grammiert ist, daB er die relative Neigung einer 
jeden Plattform in bezug auf eine beliebig ge- 
20 wahlte Bezugsplattform berechnet. 
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1) Positionleren wenigstens eines Neigungs- 
meBgerates auf der Oder auf jeder Plattform 
und auf der bestimmten Bezugsplattform; 

2) Verbinden eines jeden NeigungsmeBge- 
rates mit einer zentralen Steuereinheit; s 

3) Ausrichten samtlicher Plattformen auf 
eine gemeinsame Peilung; 

4) Ablesen der gemessenen Werte von je- 
dem NeigungsmeBgerat an der zentralen 
Steuereinheit und Mitteln der einzeinen ge- 10 
messenen Werte Uber eine synchronisierte 
Zeitperiode; 

5) Eingeben der Ablesewerte in einen Com- 
puter; 

6) Ausrichten der Plattformen auf eine wei- 15 
tere gemeinsame Peilung; 

7) Wiederholen der Schritte 4) bis 6) in der 
gefbrderten Anzahl; 

8) Bestimmen des Neigungswinkels und 

des relativen Neigungswinkels in bezug auf 20 
eine beliebige andere Plattform aus den 
Eingangsdaten fUr jede Plattform mittels ei- 
nes geeigneten Computerprogramms; und 

9) Anzeigen Oder Ablesen der Ergebnisse. 

25 

19- Ein Verfahren zum Messen der relativen Nei- 
gungen gemaB Anspruch 18, dadurch gekenn- 
zeichnet, daB die Plattformen auf 36 Peilungen 
ausgerichtet werden, wobei jede Plattform in 
1 0 • -Schritten bewegt wird, 30 

20. Ein Verfahren zum Messen der relativen Nei- 
gungen gemaB Anspruch 18 Oder 19, dadurch 
gekennzeichnet, daB fUr jede Plattform eine 
"optimal angepaBte" Sinuskurve auf einer vom 35 
Computer gesteuerten optischen Anzeigeein- 
heit angezeigt wird. 

21- Ein Verfahren zum Messen der relativen Nei- 
gungen gemaB Anspruch 18, dadurch gekenn- 40 
zeichnet, daB die Ergebnisse der relativen Nei- 
gungen dazu verwendet werden, die fUr die 
verschiedenen Plattformen auszufUhrenden 
Einstellungen zu bestimmen, urn die relativen 
Neigungen zu verringern, 45 

Revandlcatlons 

1. Systeme de mesure des inclinaisons relatives 
d'une ou plusieurs plates-formes par rapport a 50 
une plate-forme designee de reference, com- 
portant au moins un inclinometre par plate- 
forme, y compris la plate-forme de reference, 
et caracterise en ce qu'il comporte en outre : 

(a) un dispositif destine a former la moyen- ss 
ne du signal de sortie de chaque inclinome- 
tre pendant une periode synchronisee, et 



(b) un ordinateur qui est destine a recevoir 
les signaux de sortie de tous les inclinome- 
tres apres formation de la moyenne, et qui 
est programme afin qu'il caicule en conse- 
quence un angle d'inclinaison de chaque 
plate-forme et Tangle relatif d'inclinaison 
d'une plate-forme quelconque par rapport a 
une autre plate-forme quelconque et qui est 
en outre destine a afficher les resultats. 

2. Systeme de mesure des inclinaisons relatives 
selon la revendication 1, caracterise en ce 
qu'une position centrale de commande est 
destinee a former la moyenne du signal de 
sortie de chaque inclinometre pendant la perio- 
de synchronisee. 

3. Systeme de mesure d'inclinaisons relatives se- 
lon la revendication 2, caracterise en ce que le 
dispositif d'affichage des signaux moyennes 
de sortie d'inclinometre constituant des si- 
gnaux de lecture est incorpore a ('emplace- 
ment central de commande. 

4. Systeme de mesure d'inclinaisons relatives se- 
lon la revendication 4, caracterise en ce que le 
dispositif d'affichage des signaux de lecture en 
position centrale de commande est une unite 
principale d'affichage (MDU) qui contient des 
circuits electroniques de traitement des si- 
gnaux et qui est destinee a donner un signal 
moyenne pendant une periode reglee, la perio- 
de etant synchronisee pour tous les inclinome- 
tres. 

5. Systeme de mesure d'inclinaisons relatives se- 
lon la revendication 4, caracterise en ce qu'il 
comporte un dispositif d'etalonnage des affi- 
chages afin qu'il assure la compensation des 
effets des variations de temperature. 

6. Systeme de mesure d'inclinaisons relatives se- 
lon I'une quelconque des revendications prece- 
dentes, caracterise en ce que les inclinometres 
sont des capteurs d'inclinaison a semi-conduc- 
teur, travaillant en courant continu et en boucle 
fermee et assurant un equilibrage des forces. 

7. Systeme de mesure d'inclinaisons relatives se- 
lon I'une quelconque des revendications prece- 
dentes, caracterise en ce que chaque inclino- 
metre comporte une compensation autonome 
de temperature. 

8- Systeme de mesure d'inclinaisons relatives se- 
lon I'une quelconque des revendications prece- 
dentes, caracterise en ce qu'un inclinometre 
est incorpore a la plate-forme designee de 
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reference. 

9. Systeme de mesure d'inclinaisons relatives se- 
lon Tune quelconque des revendications prece- 
dentes, caracterise en ce que la formation de 
la moyenne des signaux de sortie des inclino- 
metres est assuree par un disposltif electroni- 
que. 

10. Systeme de mesure d'inclinaisons relatives se- 
lon la revendioation 9, caracterise en ce que le 
dispositif destine a former la moyenne est un 
convertisseur analogique-numerique integra- 
tes a double pente. 

11- Systeme de mesure d'inclinaisons relatives se- 
lon la revendication 10, caracterise en ce que 
ia periode utilisee par la formation de moyen- 
nes est comprise entre 10 et 20 s. 

12. Systeme de mesure d'inclinaisons relatives se- 
lon Tune quelconque des revendications prece- 
dentes, caracterise en ce que I'ordinateur est 
programme par un procede iteratif donnant 
une courbe sinusoVdale de "meilleure adapta- 
tion" pour les donnees enregistrees pour tous 
les gisements pour lesquels des lectures sont 
effectuees par chaque appareillage. 

13. Systeme de mesure d'inclinaisons relatives se- 
lon la revendication 12, caracterise en ce que 
I'ordinateur est aussi programme afin qull cal- 
cule Tinclinaison relative de chaque plate-for- 
me par rapport a une plate-forme selectionnee 
quelconque de reference. 

14. Systeme de mesure d'inclinaisons relatives se- 
fon Tune quelconque des revendications prece- 
dentes, caracterise en ce qu'un dispositif de 
communication est place entre les plates-for- 
mes et Punite centrale de commande. 

15. Systeme de mesure d'inclinaisons relatives se- 
lon Tune quelconque des revendications prece- 
dentes, caracterise en ce que I'inclinometre de 
chaque plate-forme est connecte a une unite 
locale d'affichage du signal de lecture de cet 
inclinometre. 

16. Systeme de mesure d'inclinaisons relatives se- 
lon Tune quelconque des revendications prece- 
dentes, caracterise en ce que chaque inclino- 
metre et le circuit electronique associe sont 
enfermes dans un boftier etanche. 

17. Systeme de mesure d'inclinaisons relatives se- 
lon Tune quelconque des revendications prece- 
dentes, caracterise en ce que les inclinometres 



sont montes sur un navire et chaque signal de 
sortie d'inclinometre est mesure pendant une 
periode bien superieure a la periode de mou- 
vement du navire. 

s 

18. Procede de mesure des inclinaisons relatives 
d'une ou plusieurs plates-formes par rapport a 
une plate-forme de reference designee ou a 
une autre plate-forme quelconque, comprenant 

10 les etapes suivantes ; 

1) le positionnement d'au moins un inclino- 
metre sur la plate-forme ou chaque plate- 
forme et la plate-forme designee de referen- 
ce, 

is 2) la connexion de chaque inclinometre a 

une unite centrale de commande, 

3) Tapprentissage de toutes les plates-for- 
mes pour un gisement commun, 

4) la lecture des valeurs mesurees a partir 
20 de chaque inclinometre, par Tunite centrale 

de commande, et la formation de la moyen- 
ne de chacune des valeurs mesurees pen- 
dant une periode synchronisee, 

5) la transmission des signaux de lecture a 
25 un ordinateur, 

6) Tapprentissage des plates-formes pour 
un autre gisement commun, 

7) la repetition des etapes 4) a 6) un nom- 
bre de fois aussi grand que necessaire, 

so 8) a Taide d'un programme convenable 

d'ordinateur, la determination de I'angle 
d'inclinaison et de Tangle relatif d'inclinai- 
son par rapport a une autre plate-forme 
quelconque a partir des donnees provenant 

35 de chaque plate-forme, et 

9) I'affichage ou la lecture des resultats. 

19. Procede de mesure des inclinaisons relatives 
selon la revendication 18, caracterise en ce 

40 que les plates-formes subissent un apprentis- 
sage sur trente-six gisements, chaque plate- 
forme etant deplacee par pas de 10*. 

20. Procede de mesure d'inclinaisons relatives se- 
45 Ion la revendication 18 ou 19, caracterise en 

ce qu'une courbe sinusoTdale de "meilleure 
adaptation" est affichee pour chaque plate- 
forme sur une unite d'affichage visuel com- 
mandee par Tordinateur. 

50 

21. Procede de mesure d'inclinaisons relatives se- 
lon la revendication 18, caracterise en ce que 
les resultats d'inclinaison relative sont utilises 
pour la determination des ajustements qui doi- 

55 vent etre apportes aux plates-formes separees 
pour la reduction des inclinaisons relatives. 
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